Objective: Cardiac autonomic dysfunction may develop in patients with polycystic ovary syndrome (PCOS). Heart rate variability (HRV) and heart rate turbulence (HRT) are used in assessing cardiac autonomic functions. The goal of this study was to compare the cardiac autonomic functions in patients with PCOS and healthy controls. To our knowledge, this is the first study evaluating cardiac autonomic functions in patients with PCOS with respect to both HRV and HRT. Methods: Twenty-three patients with PCOS (mean age 22.8±3.9 years) and 25 healthy female volunteers who were matched for age and body mass index (BMI) (mean age 23.5±6.2 years) were enrolled in this as case-control study. Twenty-four hour ambulatory electrocardiogram recordings of all participants were taken using Pathfinder software. The time domain parameters of HRV and HRT, including turbulence onset (TO) and turbulence slope, were calculated. Diagnosis of PCOS was made with physical and laboratory findings of hirsutism or biochemical hyperandrogenism and chronic anovulation. Diabetes mellitus, other hormon disorders or hormon therapy, pregnancy, atrial fibrilation, obesite, chronic diseases, disorders of the autonomic nervous system, a history of drug use affecting the autonomic nervous system were excluded. Results: There were no significant differences in HRV and HRT parameters between the two groups. Cardiovascular risk factors, such as BMI, blood pressure, fasting blood glucose, and lipid parameters, were also similar. Triangular index measure of HRV was negatively correlated with high density lipoprotein cholesterol levels (r=-0.47, p<0.05), while age and BMI were significantly correlated with TO (r=0.31 and 0.47, respectively; p<0.05 for all). Conclusion: Cardiac autonomic functions were not found to be altered in patients with PCOS in comparison with healthy controls. These results may be explained with the absence of concomitant cardiovascular risk factors with the patients being in the early stage of the disease.
Introduction
Polycystic ovary syndrome (PCOS) is a metabolic and endocrine disorder that affects 6%-10% of the reproductive-age female population. This syndrome is characterized by polycystic ovary, hyperandrogenism, and menstrual irregularities (1) . Cardiovascular risk factors, such as hypertension, lipid abnormalities, type 2 diabetes mellitus, metabolic syndrome, endothelial dysfunction, increased C-reactive protein and homocysteine levels are frequently accompanied by PCOS (2) (3) (4) (5) (6) (7) (8) . Furthermore, decreased heart rate variability (HRV) and increased QT dispersion, which are risk factors for life-threatening ventricular arrhythmia, were observed in these patients (9) (10) (11) .
Metabolic and cardiovascular disorders are known to be related to autonomic dysfunction that has a significant relationship with cardiovascular mortality (12) (13) (14) . HRV and heart rate turbulence (HRT) provide important information regarding cardiac autonomic functions (15) (16) (17) . HRV measures the oscillation in successive cardiac cycles as well as the oscillations between instantaneous heart rates (16) . Previous studies have demonstrated reduced HRV to predict increased cardiac mortality (13) . HRT is defined as the sinus rhythm cycle length fluctuation after isolated premature ventricular beats (VPB) (17) . It has been deemed appropriate for risk estimation after acute myocardial infarction and as a prognostic evaluator of heart failure and other pathologies (18) (19) (20) .
Baroreflex sensitivity (BRS) and HRV are believed to evaluate different aspects of autonomic control. There is a significant relationship between HRT and BRS. Therefore, it is suggested that HRT can be used instead of BRS (21, 22) . Previous studies demonstrated autonomic dysfunction in PCOS as reduced HRV and exaggerated blood pressure response to exercise (9, 10, 23, 24) . However, HRT has not been evaluated in PCOS yet.
Therefore, we performed a study to evaluate the impact of PCOS on both HRT and HRV parameters.
Methods

Study design
The study was designed as case control study.
Study population
This study was performed in the Afyon Kocatepe University Hospital between February 1, 2013 and October 1, 2014 in the Departments of Cardiology and Gynecology. Study population comprised 33 recently diagnosed patients with PCOS and 38 healthy volunteers (women aged 18-35 years). Diagnosis of PCOS was made with physical and laboratory findings of hirsutism or biochemical hyperandrogenism and chronic anovulation. Age matched, regularly menstruating, healthy, female volunteers with normal ovulating cycles (28±2 days, blood progesterone levels >10 ng/mL in two consecutive cycles) and normal ultrasonographic appearance of the ovaries without any sign of hyperandrogenism were included as controls.
Women with menstrual irregularities, thyroid disorders, other hormonal disorders, pregnancy, diabetes mellitus, hypertension, ischemic heart disease, heart failure, atrial fibrillation, renal disease, chronic inflammatory diseases, disorders of the autonomic nervous system, a history of drug use affecting the autonomic nervous system, renal disease, smoking, lung disease, obesity, and women on any hormonal therapy or drugs were excluded.
Systolic and diastolic blood pressure of all patients and controls were measured from the right arm with a mercury manometer after resting of at least five min of sitting. Body weight and height were measured, and body mass index (BMI) was calculated. Venous blood samples for biochemical and hormonal tests were obtained in the morning between 08.00 and 08.30 after fasting for at least 12 h.
All subjects delivered their informed consent prior to inclusion. The study protocol was approved by the Ethics Committee of our institution.
HRT analysis
Twenty-four hour Holter monitoring (Reynolds Medical, Pathfinder Software Version V8.255, Hedford, England) was performed with all subjects. HRT measures, TO and TS, were automatically calculated by a computer program (HRT View, Version 0.60-0.1 Software Program, Munich, Germany). All Holter recordings were checked and artifacts that the program admitted as VPB were also excluded. TO reflects the early sinus acceleration after a VPB, whereas TS represents the late sinus deceleration following a VPB. TO is expressed as a percentage of change from the mean of two RR intervals preceding and two RR intervals following VPB. TO was separately calculated for all VPBs and then averaged. TS is the maximum positive slope of a regression line obtained over any sequence of five subsequent RR intervals within the first 20 sinus rhythm intervals after VPB. TO≥0% and TS≤2.5 ms/RR were considered abnormal (14) .
HRV analysis
HRV measures, which were chosen according to the guidelines of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, were calculated for all subjects from 24 h of Holter recordings (10) . The time domain HRV measures included standard deviations of all NN intervals (SDNN), mean of the standard deviation of all NN intervals for all 5-min segments of the entire recording (SDNNI), standard deviation of averages of NN intervals in all 5-min segments of the entire recording (SDANN), triangular index (TI), the square root of the mean of the sum of the squares of differences between adjacent NN intervals (RMSSD).
Statistical analysis
Statistical analysis was performed with SPSS for Windows version 15.0 (SPSS Inc., Chicago, IL, USA). Data were presented as mean±SD or median (interquartile range). Distribution of continuous variables was determined by the Kolmogorov-Smirnov test. Parametric data were compared using independent sample t-test and nonparametric data with Mann-Whitney U test. Correlations were performed using Spearman's and Pearson tests. A p values <0.05 were considered statistically significant.
Results
Twenty-three subjects (10 patients and 13 controls) were excluded from the study because there was no detectable VPB on their 24 h Holter recordings enabling an accurate HRT analysis. Therefore, the study population comprised 23 untreated patients with PCOS (mean age 22.8±3.9 years) and 25 healthy controls (mean age 23.5±6.2 years). No significant differences in age, BMI, blood pressure, and minimum or maximum heart rate were defined between the patient and control groups ( Table 1) .
The hormonal and biochemical levels of the subjects are shown in Table 2 . The groups were similar regarding fasting glucose, total cholesterol, high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), triglycerides, estradiol, and dehydroepiandrosterone sulfate (DHEAS) levels. However, in patients with PCOS, free testosterone and luteinizing hormone levels were significantly higher, and follicle-stimulating hormone levels were significantly lower compared with controls.
The HRV and HRT measures were not significantly different between the two groups (Table 3) . In correlation analysis, there was no significant correlation between HRV and HRT parameters with sex hormones, total cholesterol, triglycerides, LDL-C, and fasting glucose levels. However, there was a significant negative correlation between TI and HDL-C levels (r=-0.33, p=0.032) and a significant positive correlation between BMI and age with TO (r=0.38, p= 0.008 and r=0.48, p<0.001, respectively) ( Fig. 1-2 ).
Discussion
The main finding of our study is that HRT and HRV parameters do not alter in young patients with PCOS who do not have cardiovascular risk factors. PCOS occurs in women of reproductive age and is frequently accompanied by classic cardiovascular risk factors (2) (3) (4) (5) (6) (7) (8) . Previous studies have demonstrated decreased HRV levels in patients with PCOS (9, 10, (23) (24) (25) (26) . However, it is not known how HRT measures are affected in this disease. In addition, it is not well understood whether the decreased HRV levels in patients with PCOS occur because of the disease itself or because of the effects of concomitant cardiovascular risk factors. Our investigation has novel findings as being the first study evaluating both HRV and HRT measures together in patients with PCOS who have no cardiovascular risk factors. Domenico et al. (23) have assessed HRV in patients with PCOS at rest and during sympathetic stimulation and have investigated the impact of PCOS phenotype on HRV. No differences were observed in HRV of ovulatory PCOS, anovulatory PCOS, and healthy controls at rest. However, during sympathetic stimulation, a decrease was observed in HRV of the ovulatory group. The reduction in HRV measures was suggested to be associated with anovulation in PCOS. In addition, cardiovascular risk factors, such as BMI, waist circumference, blood pressure, and triglyceride levels, were found to be significantly higher in the anovulatory group. In our study, there was no such difference in cardiovascular risk factors between the patient and control groups.
Yıldırır et al. (9) have also evaluated the cardiac autonomic functions in women with PCOS and found a decrease in the parasympathetic component and an increase in the sympathetic component. However, in that study, serum HDL-C levels were observed to be low and serum triglycerides levels with total cholesterol/HDL-C ratio to be high. The relatively higher age of the patients compared with our study population and the presence of cardiovascular risk factors, such as dyslipidemia, may be responsible for these results differing from our study. The serum lipid profiles of our study population were within normal limits.
Obesity is a common finding of PCOS and is observed in more than half of the patients (27) . The reduction in HRV was thought to be related with the weight gain in patients with PCOS in a study examining the relationship between HRV and cardiovascular risk factors in patients with PCOS (26) . In addition to the incidence of obesity in the PCOS group, other cardiovascular risk factors, such as dyslipidemia, insulin resistance, and inflammation parameters, were also higher. In a recent study, HRV was observed to be significantly reduced in obese patients with PCOS compared with obese control group. However, no significant differences were observed between non-obese patients with PCOS compared with non-obese controls in the same study (25) . Although the participants of our study had normal body weight, we found a relationship between BMI and TO. These findings together with our study suggest that obesity has an important role in the deterioration of cardiac autonomic functions in patients with PCOS.
Tekin et al. (24) have evaluated blood pressure and HRV response to exercise in young women with recently diagnosed PCOS. They have determined an exaggerated increase in blood pressure and a decrease in HRV in response to exercise. The absence of a significant difference between the control and patient groups in terms of cardiovascular risk factors suggested that the obtained results were directly associated with PCOS. However, in contrast to our study, the similarity of the hormone profiles of the patient and control groups were remarkable in that study.
Another study assessing the effects of sex steroids on HRV found a relationship between androgens and the parasympathetic component of HRV and also between estradiol and the sympathetic component of HRV. DHEAS was determined to be the most relevant sex steroid for cardiac autonomic tests (28) .
Several other studies have reported that both androgens and estrogens have a negative relationship with HRV (29, 30) . A slight non-significant relationship was determined between sex steroids and some of the HRT and HRV measures in our study.
Study limitations
The main limitation of our study was the small sample size. Because HRT could not be calculated in participants who did not have any VPB in their Holter recordings, they were excluded from the study. Another important limitation of our study was the absence of spectral HRV analysis. Because of this limitation sympathetic tonus could not be evaluated; therefore, only parasympathetic tonus was assessed.
Conclusion
We did not find a significant difference in HRT and HRV measures of patients with PCOS in comparison with healthy controls. The absence of concomitant cardiovascular risk factors in our patient group who were still in the early stage of their disease process can be suggested as the reason for our findings. In PCOS, coexisting cardiovascular risk factors will appear to have a greater influence in the following years, causing autonomic dysfunction. Further studies with more participants are required to evaluate HRT together with HRV in patients with PCOS that have no cardiovascular risk factors.
